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SUMMARY
On April 10, 2002, a 56 year-old male career

Captain, wearing full turnout gear and self-contained
bresthing gpoparatus(SCBA) (onair), finishedigniting
atrainingfireand exited thestructure. After leaving
his SCBA bottlewith theAir Unit to berefilled, he
walked by the stand-by ambulanceto sit downon
theground. After telling nearby crew membersthat
he was not well, he had a witnessed collapse.

Approximately 29 minutes later, despite

cardiopulmonary resuscitation (CPR) and advanced
lifesupport (AL S) administered onthe sceneand at
thehospitd, thevictimdied. TheDegath Certificate,
completed by theMedica Examiner, lised“ischemic
heart disease dueto coronary artery disease” asthe
causeof death. Anautopsy, conducted by the Office
of the Chief Medical Examiner, listed the cause of
death as* probable cardiac arrhythmiasecondary to
ischemic heart disease caused by severe coronary
artery atherosclerosis”

The following recommendations address some
general health and safety issues. Thislistincludes
some preventive measures that have been

recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
amongfirefighters. Thesesdected recommendations
have not been evaluated by NIOSH, but represent
published research, or consensusvotesof technica
committees of the National Fire Protection

Association (NFPA) or fire service labor/

management groups.

* Use a secondary (technological) test to
confirm placement of the ET tube in the
trachea

* Phase in a mandatory wellness/fitness
program for fire fighters to reduce risk

factors for cardiovascular disease and
improve cardiovascular capacity

* Provideboth strength and aerobic exercise
equipment in all fire stations

INTRODUCTION & METHODS

OnApril 10, 2002, a56-year-old male Captain lost
consciousnessduring live-firetraining. DespiteCPR
and ALS administered by crew members, the
ambulance crew, and personnel in the hospital’s
emergency department (ED), the victim died.

NIOSH wasnoatified of thisfatdity onApril 11, 2002,
by the United States FireAdministration. OnApril
23, 2002, NIOSH contacted the affected Fire
Department toinitiatetheinvestigation. OnMay 22,
2002, a Safety and Occupational Health Specialist
and an Occupational Nurse Practitioner fromthe
NIOSH Fire Fighter Fatality Investigation Team
traveled to North Carolinato conduct an on-site
investigation of theincident.

During the investigation NIOSH personnel
interviewed:

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contributeto
firefighter deaths suffered in theline of duty. Identification of
causal and contributing factors enable researchers and safety
specialiststo develop strategiesfor preventing future similar
incidents. The program does not seek to determine fault or
place blame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown inthe shield above), other fatality investigation
reports, or further information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-N1OSH
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s TheFireChief

* TheAssgant Chief/Chief of Saff

e UnionTreasurer

*  Crewmembersonduty withthevictim
* Thevictim'swife

Duringthesite-visit NIOSH personnd reviewed:

* Fire Department policies and operating
guiddines

» FireDepartment training records

» TheFire Department annual report for 2001

»  FireDepartment incident report

» Dispatchrecords

*  Witnessstatements

»  Emergency medica service(ambulance) incident
report

» Hospitad emergency department report

*  FHreDepatment physca examination protocols

* Dedathcetificate

* Autopsy record

» Past medical recordsof the deceased

INVESTIGATIVERESULTS

Incident. OnApril 10, 2002, thevictim reported to
a training location for a live-fire exercise at
approximately 0800 hours. He performed ahazard
check around the structureand assisted in removing
someboardsfromthestructure.

Participating inthetraining that day wasQuint 9,
Engine 1, Air 12, Incident Commander, Safety
Officer, an EM Sunit, 8instructors, and 20 recruits.
Therecruitsweredivided into four groupsof five
firefighterseach. Oneinstructor would lead each
group. Two additional instructorswould beinthe
burnbuilding at atime conducting fireattacks. The
remaining fiveinstructorswould perform saf ety
monitoring functionsontheexterior of thebuilding.
Twofirefighterswould beassgned asFre Equipment
Operators. Groupswould rotatein thefollowing
order: fire attack, back-up, safety, exposure

protection, rehabilitation, and staging. Instructors
would lead twofireattacks, thenrotate.

Thelive-fireexercisewasin compliancewith al
componentsof NFPA 1403, Standardon LiveFire
Training Evolutions,* (permitsand documentation,
asbestossurvey, planning, building preparation, sefety
briefing, and equipment checks).

The structure used asthe burn building was atwo-
story, 3,600 squarefeet brick and wood structure,
measuring 60" x 30', consisting of four apartments
(condostyle). Themainroof waspitchedand shingle
layered, with each apartment divided into Six areas
and includesafoyer, living room, two bedrooms,
kitchen, bath, and hall. Materidsusedtoinitiatethe
firewerepdlets(we ghing goproximately 25 pounds
each) and straw (each bale weighing 50 pounds
each)(whichthevictim brought to the scenein his
privatey-ownedvehicle).

Thevictimpeformedeght entry evolutionsfiredarts,
wearing full turnout gear and whilebreathingair from
hisSCBA. Themorning evolutionswere performed
onthesecondfloor, lagting approximately 10 minutes
each. Thevictim and hispartner had taken one 15
minute break during themorning while his SCBA
bottle was being refilled. During this break he
commented to acrew member that hewastired.

Onhislast evolution, whichwasnow located onthe
first floor, thevictimwasontheignitioncrew. Atthis
time, thevictimwasin no apparent distress. After
igniting the fire, he stood by until the fire grew
adequately, then exited thestructure. Passing by the
Incident Commander, he appeared to be in no

distress. Heremoved his SCBA and bottle, and
carried the bottle to the Air Unit, parked

approximately 150 feet away, to berefilled. Atthis
time, crew membersnoticed he appeared tired and
wasnot acting normally. Hewalked to thestand-by
ambulance, parked gpproximately 60 feet away and
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advised the paramedic that hedid not fedl well, and
sat down besideapickup truck. Theparamedic noted
hispale, sweaty appearance and immediately took
hisvital signs (1135 hours), finding aweak and
thready pulse, labored respirations, and apal pated
blood pressureof 80mmHg (millimetersof mercury).
After removing the victim’'s turnout coat, the
paramedicturned to retrievethemedic box, and the
victimdumped over.

Atthistime, thevictimwasunresponsve, but witha
carotid pulse, and agonal respirations. He was
ventilated viabag-va ve-mask and 100% oxygenand
acardiac monitor wasattached to thevictimwhich
revealed ventricular tachycardia. Thevictimthen
became pul sel ess, themonitor reved ed ventricular
fibrillation (V.Fib.), and three shocks(defibrillations)
were administered with no changein patient satus.
CPR (chest compressionsand assisted ventilations
viabag-vave-mask) wasinitiated. Thevictimwas
placed onto along spine board, and |oaded into the
ambulance. Theambulance departed the sceneen
routeto the hospital at 1137 hours. Onceenroute,
thevictimwasintubated (bil aterd breeth soundswere
confirmed by both paramedics), intravenous access
was obtained (began an V), and cardiac
resuscitation medicationswereadministered. One
additional defibrillationwasddiveredenroute. The
cardiac monitor thenrevealed pulselesselectrical
activity (PEA) and CPR continued. Cardiac pacing
began and was successful with acapturerate of 100
and 100 milliampswith positivereturn of apulse.

Theambulancearrived at the hospital’semergency
department a 1144 hours. Uponremovingthevictim
fromtheambulance, the cardiac pacer lost capture,
thevictim became pul seless, and CPR continued.
Insdethe ED, CPRand AL Scontinued. Placement
of theendotracheal (ET) tubewas checked and the
tubewasfoundto beinthevictim’sesophagus. The
tubewasrepositioned and placement was confirmed
withanend-tidal CO, detector. A faint carotid pulse

wasobtained, but quickly disappeared. Thecardiac
monitor revea ed asystole (no heart beat) and PEA.
At 1204 hoursthe victim was pronounced dead by
the attending physician, and CPR/ALS was
discontinued.

Medical Findings. Theautopsy, performed by the

Office of the Chief Medical Examiner onApril 11,

2002, listed “ coronary atheroscleross’ asthecause

of death. A carboxyhemoglobinlevel (to assessthe

victim’scarbon monoxide exposure) was measured

atlessthan 5%. Pertinent findingsfrom theautopsy

induded:

» Severe coronary atherosclerosis of the left
anterior descending and right coronary arteries

*  Proxima tomidleft anterior descending diffuse
lesonscausingapinpoint lumen

* 80% stenosisof right coronary alternating to
minima throughout length of lumen

*  Obedty (height of 67 inchesand weight of 195
pounds)(Body MassIndex of 30.5 kilograms
per square meter (kg/n?) [normal <25kg/m?])

The Captain had the following risk factors for
coronary artery disease (CAD): malegender, age
over 45, family history of coronary artery disease,
hyperlipidemia, physica inactivity and mild obesity.

On February 4, 2002, the victim had his annual
physical examination performed by the city’s
contracted clinic. Theexam revealed mild obesity,
hypercholesterolemia, and an aerobic capacity of
27.4ml/kg/minusing acycleergometer test (CET).
TheCET lasted for 5 minutesduringwhichtimethe
victim reached 81% of hismaximum heart rate. A
12 lead electrocardiogram (EK G) used during the
physicianmonitored CET did not reved any ischemic
changes. Thevictimwascleared by the contractor
for full duty.

According to his family, co-workers, and crew
members, thevictim had no history of heart problems

Page3



THIOSH

Fire Fighter Fatality Investigation
And Prevention Program

()

Fatality Assessment and Control Evaluation
Investigative Report #72002-19

Fire Fighter Dies During Live Fire Training - North Carolina

or pain during the daysor weeks prior to hisfatal
event.

DESCRIPTION OF THE FIRE
DEPARTMENT

At thetimeof the NIOSH investigation, the career
FreDepartment wasaNationdly Accredited Agency
(by the Commission on Fire Accreditation
Internationa), maintained aClass 1 rating fromthe
Insurance Services Office, consisted of 394
uniformed personnel and served a population of
223,000 resdentsinageographic areaof 114 square
miles. Thereare18firedations. Firefighterswork
thefollowing schedule: 24-hourson-duty, 48-hours
off-duty, from 0800 hoursto 0800 hours.

In 2001, the Department responded to 19,157 calls:
12,257 rescue/medicd cdls, 2,580fdsecalls, 1,718
goodintent cals, 1,120 fire/lexplosions, 792 hazard
calls, 410 other calls, 266 service calls, and 14
overpressure/rupture calls. The victim was
Captain on Quint 7. 1n 2001, Quint 7 was the
busiest quint in thiscity for the year, responding
to 1,373 calls.

Training. TheFireDepartment requiresal new fire
fighter applicantsto passawritten/ psychol ogical

examination, passaphysicd ability test, passanord

interview, pass a background check, pass a

psychological evauation, and completeamedical
screening and drug screen prior to being selected.
Thenewly hiredfirefighter isplacedinarecruit class
for the20-week training program. Upon completion,
thefirefighteriscertified as. Frefighter I1, Emergency
Medical Technician, Rescue Technician, and

HazardousMaterid sResponder. Recruitsarethen
assigned to afirecompany and serveasix month
probationary period. After six months, therecruit
must passawritten test, drill ground applications,
and physical fitness prior to being selected asa
permanent employee. Recurrent training occurson

each shift. All Captains are State-certified Fire
Servicelngructors.

TheStateminimum requirement for career firefighter
certification is NFPA 1001 Fire Fighter |
requirements? The Staterequirement for firefighter
recertificationisevery fiveyears. EMT/Paramedics
recertify every 2 years and hazardous materials
techniciansrecertify every year. Thevictimwas
certified asaFireFighter |1, Driver/Operator, EMT,
Hazmat Operations, Fire Inspector I, Live Burn
Instructor, and Fire ServiceInstructor, and had 13
yearsof career firefighting experienceand 40 years
volunteer firefighting experience.

Preplacement Evaluations. The Fire Department

requiresapreplacement medical evaluationfor all

new hires, regardlessof age. The components of

thiseva uation arelisted below:

* A completemedica history

* Height, weight, andvitd sgns

* Phydcd examination

» Bloodtests: Comprehensive metabolic panel,
completeblood count with differential (CBC),
lipid, andliver profile

* Urinetests. 24-hour collectionurinalysisdrug
oreen

e Spiromery

* Redingédectrocardiogram (ECG)
o Chestx-ray

* Audiogram

e Vidontest

Theseeva uationsare performed by thecity medica
sarvices. Oncethisevauationiscomplete, adecison
regarding medica clearancefor firefighting dutiesis
made by the examining physician and forwarded to
theFD.

The Fire Department requires all fire fighter
candidates to complete a timed performance
evauaionof typicd firefightingduties(physcd ability
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test or PAT). Medical clearanceisrequired prior to
the PAT evaluation (discussed below) by the city
medica services.

Periodic Evaluations

Medical evaluationsarerequired by thisFD ona

yearly basscongsting of:

* A completemedica history

* Heght, waeght,andvita Sgns

* Phydcd examination

» Bloodtests: Comprehensive metabolic panel,
completeblood count with differential (CBC),
lipid, andliver profile

* Urineteds urindyssdrug screen

o Spiromery

* Redingédectrocardiogram (ECG)
* Audiogram

e Vidontes

* Cadiovascular testing, measured by thevolume
of oxygen consumed whileusingthe CET

Theseeva uationsare performed by amedica clinic
under contract withthecity. Oncethisevauationis
complete, adecisonregarding medicd clearancefor
firefighting dutiesismedeby theexamining physician
andforwardedtotheFD. Thecardiovascular fitness
testing consisted of acycle ergometer test (CET)
utilizingal2lead EKGtoascertainthepulserate. If
EK G changesare noted during the cardiovascul ar
fitness testing, follow-up with the primary care
physicianisrecommended before clearance can be
givenfor firesuppresson activities.

The FD has implemented a voluntary wellness
program which includes nutrition and wellness
information aong with individuaized fitnessplans
based on the results of the cycle ergometer test
provided by the contractor.

Medica clearancefor SCBA useisconducted yearly
by thesamed inic performingtheperiodicevauations.
If an employeeisinjured at work, he/she must be

cleared for “return-to-work” by the city medical
services. Inaddition, if afirefighter hasanon-
occupational injury or medical condition, the
employeemust be cleared for “ return-to-work” by
their private physician, unlessreturn-to-work isan
issue. Inthat case, return-to-work isdetermined by
thecity medical services.

Timeisallotted during the workday for afitness
program, but participationisnot mandatory. All fire
stations have either strength or aerobic equipment.
Thevictimdid not exercisefrequently elther at home
orwork.

DISCUSSION

In the United States, coronary artery disease
(atherosclerosis) isthemost common risk factor for
cardiac arrest and sudden cardiac death.® Risk
factorsfor itsdevelopment includeageover 45, mde
gender, family history of coronary artery disease,
smoking, high blood pressure, high blood cholesteral,
obesity, physicd inactivity, and diabetes*® Thevictim
had six of theserisk factors (male gender, ageover
45, family history of coronary artery disease, high
blood cholesterol, physical inactivity and mild
obesity). By al accounts, thevictim never reported
symptomsof angina(e.g., chest pain on exertion),
or congestive heart failure (e.g., shortnessof breath
onexertion, swollen ankles). Unfortunately, sudden
cardiac deathisoftenthefirst overt manifestation of
ischemic heart disease.®®

The narrowing of the coronary arteries by

atherosclerotic plagues occurs over many years,
typically decades.® However, the growth of these
plagues probably occursin anonlinear, often abrupt
fashion.’® Heart attackstypically occur with the
sudden development of complete blockage

(occluson) inoneor morecoronary arteriesthat have
not developed a collateral blood supply.! This
sudden blockage is primarily due to blood clots
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(thrombosis) forming onthetop of atherosclerotic
plagues. Blood clots, or thrombusformation, in
coronary arteries is initiated by disruption of
atherosclerotic plagues. Certain characteristicsof
the plaques (size, composition of the cap and core,
presenceof alocd inflammatory process) predispose
the plaqueto disruption.** Disruption then occurs
from biomechanica and hemodynamicforces, such
asincreased blood pressure, increased heart rate,
increased catecholamines, and shear forces, which
occur during heavy exercise.®* Nothrombuswas
present at autopsy, however therewasidentified
“severefocdly cdcified atherosclerosswith diffuse
lesions causing apinpoint lumen of theleft anterior
descending coronary artery and agreater than 80%
stenosisof thelumen of theright coronary artery.”

Firefightingiswiddy acknowledgedto beoneof the
most physically demanding and hazardous of all
civilian occupations.* Firefighting activitiesare
strenuous and often requirefirefightersto work at
near maximal heart rates for long periods. The
increasein heart rate has been shown to begin with
responding to theinitial alarm and persist through
the course of firesuppression activities™>*" Prior to
hiscollgpse, thevictim had carried in approximately
ten 50-pound ba es of straw and approximately ten
25-pound palletsto be used for fireignition, and,
wearing full turnout gear and SCBA, had participated
ineight fire startsover athree hour period and had
remained in the structure to ensure the fire grew
adequately. Thisisconsdered amoderatelevel of
physica exertion.’®

Toreducetherisk of sudden cardiac arrest and heart
attacksamong firefighters, the NFPA hasdevel oped
the NFPA 1582 guideline entitled “ Standard on
Medical Requirements for Fire Fighters and
Information for Fire Department Physicians.”*
NFPA 1582 recommends a yearly physical

evduationtoindudeamedicd history, height, weight,
blood pressure, and visud acuity test.® NFPA 1582

recommendsathoroughexaminationtoindudevison
testing, audiometry, pulmonary functiontesting, a
complete blood count, urinalysis, and biochemical
(blood) test battery beconducted onaperiodicbass
accordingtotheageof thefirefighter (lessthan 30:
every 3years, 30-39: every 2 years, over 40 years.
every yedr).

NFPA 1582 aso recommends, not as part of the
requirementsbut for informationd purposesonly, fire
fightersover theageof 35withrisk factorsfor CAD
be screened for obstructive CAD by an Exercise
Stress Test (EST).* Inthiscase, thevictimhad a
CET performed to assess his aerobic capacity, but
did not receilvean EST to screen for ischemic heart
disease. HisCET showed an aerobic capacity of
27.4 ml/kg/min giving him abel ow average capacity
for his age group (30-31ml/kg/min).?° Minimal
aerobic capacitiesrecommended for firefighters
rangefrom 38-45 ml/kg/min. 1422

Sincethevictimworean SCBA andwasonair, the
Fire Department reviewed theair system records
and found that MobileAir Unit 1 had beentestedin
March 2002 and passed the test for Grade D
breethingair. Anadditiond air samplewasanayzed
after theincident and wasfound to passthecriteria
for bresthingair.

During theresuscitation effort, the ED physician
reported the ET tube was placed in the victim’'s
esophagus, not thetrachea. Itisnot possibleto know
exactly when the ET tube became dislodged;

possibly during movement of thevictim fromthe
ambulancetothe ED. Provided the cuff of the ET
tubewasinflated properly, didodgment could have
been prevented. The EM Spersonne properly used
primary confirmation of ET tube placement by
physca examination (auscultation of bilatera bresth
sounds). However, they did not proceed with
secondary confirmation and varied fromAmerican
Heart Association Guiddinesand their departmenta
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protocol of using an end-tidal CO, detector.”
Primary confirmation wasvalidated by other EMS
personnd.

RECOMMENDATIONS

Thefollowing recommendationsaddressheath and
sdfety generdly. However, itisundear if any of these
recommendations could have prevented the sudden
cardiac arrest and subsequent deeth of thisfirefighter.
Thislig indudessomepreventivemeasuresthat have
been recommended by other agenciestoreducethe
risk of on-the-job heart attacks, sudden cardiac
arrest, and death among fire fighters. These
recommendations have not been evaluated by
NIOSH, but represent published research, or
consensusvotesof technica committeesof the NFPA
or fireservicelabor/management groups.

Recommendation #1: Use a secondary
(technological) test to confirm placement of the
ET tubein thetrachea.

To reduce the risk of improper intubation, the
American Heart Association along with the

International Liaison Committee on Resuscitation
published recommendationsin the Guidelines2000
for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care® Inthisincident, thecurrent
recommended guidelineswere continued, namely
Cricoid pressure by asecond rescuer followed by
the actual intubation. Oncethisisaccomplished,
primary confirmation of the tracheal tube is

completed. Primary confirmation isthe 5-point
auscultation: left and right anterior chest, left andright
midaxillary, and over the stomach. These

recommendationsare now followed by secondary
confirmationwhich canbeeither anend-tidal CO,
detector or an esophageal detector device. After
both primary and secondary confirmationshavebeen
verified, Cricoid pressure can then be rel eased.

Bilateral breath sounds were confirmed by

auscultation. However, the guidelinessuggest that
EMS personnel confirm ET tube placement by
primary confirmation (physical examination) and
secondary confirmation (technologica test)(end-tidal
CO, detection). Althoughthecurrent recommended
primary confirmation guiddineswere continued, the
committee added the suggestion of using one of
several commercia devicesthat includesend-tidal
CO, detectorsor esophageal detector devicesfor
the secondary confirmation.

Recommendation #2: Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.

Physica inactivity isthemost prevaent modifiable
risk factor for CAD intheUnited Siates Additionaly,
physical inactivity, or lack of exercise, isassociated
with other risk factors, namely obesity and diabetes®
NFPA 1500, Standard on Fire Department

Occupationd Safety and Health Program, requires
awellnessprogram that provideshealth promotion
activities for preventing health problems and

enhancing overall well-being.® In 1997, the

Internationd Association of FireFighters(IAFF) and
theInternational Association of FireChiefs(IAFC)
published acomprehensiveFire Service Joint L abor
Management WelIness/Fitness|nitiativetoimprove
firefighter quality of lifeand maintain physica and
mental capabilities of fire fighters. Ten fire
departmentsacrossthe United Statesjoined thiseffort
to pool information about their physical fitness
programs and to create a practical fire service
program. They produced a manual and avideo
detailing dementsof suchaprogram® TheWdness/
Fitness Initiative provides guidance regarding

wellness program content, to include physical

examination and evaluation, fitness, and behaviora
health. WelIness programs have been shownto be
cost effective, typically by reducing the number of
work-related injuriesand lost work days.**3! The
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Fire Department and the Union should review these
materialsto identify applicable elementsfor their
Department. Other large-city negotiated programs
can a so bereviewed as potentia models.

Recommendation #3: Provideboth strength and
aerobic exercise equipment in all fire stations.

Currently, mogt of thefirestationshavedther strength
or aerobic exercise equipment. NFPA 1583

recommends providing exercise equipment through
the contracted use of apublic gymor other facility,
or placing theequipment directly inthefirestations®
Contracting theuse of afacility requiresacompany
(engine, ladder, etc.) of firefighterstoexerciseat the
sametimedaily at alocation separatefromtheir fire
station. Thegym should be centrally located, but
dueto emergency responsesand daily work duties,
the facility may not be convenient and thus,

underutilized. Thefirecompaniesmay aso haveto
betaken out of serviceduring thetimeof exercise,
depending on the location of thefacility and the
staffing level of the Fire Department. To placethe
equipment inthefiregtations, dlowsthefirefighters
to exercisewithinthe congtraintsof their daily work
schedulesand emergency responseswhileremaining
morereadily availablefor response.
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